This study analyzes the clinical characteristics of the brain metastasis (BM) of gynecologic cancer based on the type of cancer. In addition, the study examines the factors influencing the survival. Total 61 BM patients of gynecologic cancer were analyzed retrospectively from January 2000 to December 2012 in terms of clinical and radiological characteristics by using medical and radiological records from three university hospitals. There were 19 (31.1%) uterine cancers, 32 (52.5%) ovarian cancers, and 10 (16.4%) cervical cancers. The mean interval to BM was 25.4 months (21.6 months in ovarian cancer, 27.8 months in uterine cancer, and 33.1 months in cervical cancer). The mean survival from BM was 16.7 months (14.1 months in ovarian cancer, 23.3 months in uterine cancer, and 8.8 months in cervical cancer). According to a multivariate analysis of factors influencing survival, type of primary cancer, Karnofsky performance score, status of primary cancer, recursive partitioning analysis class, and treatment modality, particularly combined therapies, were significantly related to the overall survival. These results suggest that, in addition to traditional prognostic factors in BM, multiple treatment methods such as neurosurgery and combined chemoradiotherapy may play an important role in prolonging the survival for BM patients of gynecologic cancer.
INTRODUCTION
The American Cancer Society estimated about 1,284,900 new cases of cancer and more than 550,000 cancer-related deaths as of 2002 (1) . Gynecologic malignancies accounted for approximately 13% of 647,400 cases of cancer and 10% of cancer death in women (1) . The Korea Central Cancer Registry reported that 93,337 new cases of cancer in Korea in 2009 occurred in women (2) . Gynecologic malignancies accounted for 7.7% of these cases (7, 248) , and 2,025 women died from their cancer, accounting for 7.8% of all cancer-related deaths in Korean women.
Brain metastasis (BM) occurs in 20% to 40% of all solid-tumor malignancies. However, gynecologic malignancies with BM occur much less frequently. Metastatic gynecologic diseases occur in 15% to 85% of all cases depending on the type of tumor (mainly by a direct extension, peritoneal seeding, or lymphatic dissemination). The most common metastasis sites include the liver, lung, bone, and lymph nodes (3) . By contrast, central nervous system metastasis is presumed to occur through hematogenous seeding or a direct invasion from some previous bone metastasis, although the latter is rare. The development of metastatic foci is thought to be related to tumor cell behavior, host immune responses, and the number of tumor cells that embolize (4) . Many patients have concurrent pulmonary metastasis and BM, and pulmonary disease may be a predisposing factor in the latter (5) . Incidences of BM from ovarian, endometrial, and cervical cancer have been reported to be 0.3%-2.2%, 0.4%-1.2%, and 0.3%-0.9%, respectively (6) . Despite these low rates, the occurrence of BM in gynecologic malignancies appears to have increased in recent years (6) (7) (8) (9) . This increase may be due to increased survival times from improved treatment options and an early diagnosis of common diseases (10, 11) . In particular, the Korean government supports regular physical checkups for common types of cancer through the National Health Insurance program. Regular screening programs for gynecologic cancer are also recommended every other year for women 40 yr and over. Unfortunately, no study in Korea has considered comprehensive data on BMs of gynecologic cancer because of their scarcity. This study considers retrospectively collected data on gynecologic cancer with BM over a 13-yr period from multiple institutes and analyzes the clinical characteristics of patients. In addition, the study determines the prognostic factors for overall patient survival.
MATERIALS AND METHODS
From January 2000 to December 2012, new BM cases were clinically and radiologically diagnosed in 61 patients with gynecologic cancer at Samsung Changwon Hospital, Gil Medical Center, and Dong-A Medical Center. Additional inclusion criteria included a pathological diagnosis of primary gynecologic malignancies and no prior therapy to the brain. Exclusion criteria included a history of treatment for malignancies other than gynecologic cancer, the presence of active double cancer, or the presence of a central nerve system disease and/or a neuromuscular disease unrelated to BM. Medical and radiological records of these patients were retrospectively analyzed.
Clinical characteristics of patients
A retrospective analysis of clinical variables was conducted for 61 BM patients with gynecologic cancer. These variables included patient age at BM diagnosis, the time interval to BM, the type of primary cancer, the stage of the primary tumor except BM, the presence of any extracranial metastasis at BM diagnosis, the status of primary cancer, the Karnofsky performance scale (KPS) score (12) , and the recursive partitioning analysis (RPA) class. According to the classification method in Gaspar et al. (13) , patients of RPA class 1 were characterized based on their age < 65 yr, a KPS score ≥ 70, the absence of any extracranial metastasis at BM diagnosis, and good control of systemic diseases. RPA class 2 patients had a KPS score ≥ 70, were ≥ 65 yr, and had some uncontrolled systemic disease or systemic metastasis. Patients of RPA class 3 had a KPS score < 70. BM diagnosed < 60 days after the diagnosis of a primary lesion was considered as synchronous metastasis, whereas that diagnosed ≥ 60 days was considered metachronous metastasis.
Each case of gynecologic cancer was staged based on the International Federation of Obstetricians and Gynaecologists (FIGO) Staging System (14) . All therapeutic modalities such as supportive medical treatment, neurosurgical resection, external beam radiotherapy for the brain, and systemic chemotherapy after the diagnosis of BM were analyzed.
Radiological features of brain metastasis
The parameters for the 61 patients included the BM number, size, and location and the associated hemorrhage of the brain lesion. BM size was defined as the maximum orthogonal diameter in T1-weighted and gadolinium-enhanced magnetic resonance (MR) images. The BM location was categorized as supratentorial or infratentorial. The involvement of cancer in the brain stem and the cerebrospinal fluid (CSF) was assessed using MR images. All patient-related data were extracted from a computerized database (PACS; m-view TM , Marosis Corporation, Seoul, Korea).
Neurosurgical indications
Clinical indications included symptoms and signs of intracranial hypertension unresponsive to adequate medical therapy (e.g., corticosteroid and mannitol), intractable seizures, a reduced level of consciousness, progressive motor weakness, gait ataxia, and aphasia. Neuroimaging indications included lesion enlargement, associated hemorrhage, and a mass effect from edema unresponsive to maximum medical treatment. Basically, neurosurgical candidates were expected to survive more than 3 months.
Statistical analysis
Statistical analyses were conducted using SSPS 18.0 (SPSS Institute, Inc., Chicago, IL, USA). The overall survival time was estimated using the Kaplan-Meier method and analyzed based on the log-rank test. The Cox proportional hazard model was used to assess the effects of multiple covariates on the prognosis of BM from gynecologic cancers. The origin of primary cancer, age at BM diagnosis, the KPS score, the presence of extracranial metastasis, the status of primary cancer, the RPA class, the time interval between the diagnosis of primary cancer and BM, the BM number, and therapeutic modalities were regarded as candidate prognostic factors. Variables found to be significantly related to the survival time based on a univariate analysis (P < 0.2) were subjected to a multivariate analysis. The multivariate analysis yielded the hazards ratio (HR) with 95% confidence intervals (CIs). The results were considered significant when the P value was less than 0.05.
Ethics statement
The study was approved by the institutional review boards of Samsung Changwon Hospital (2013-SCMC-094-00), Dong-A Medical Center (2013-12-011), and Gil Medical Center (GAIRB 2013-115). The informed consent was obtained from all the subjects if survived or one of family members if died or unconscious for collection of clinical data.
RESULTS

Clinical characteristics of patients
The mean survival time was 16.7 months (± 1.50 months) (Fig.  1) . The mean age of the patients at BM diagnosis was 54.7 yr and ranged from 22.6 to 79.4 yr. The mean interval to BM from the diagnosis of gynecologic cancer was 25.4 months and ranged from 0 to 84.3 months. All patients were followed up for at least 3 months, and the mean follow-up period was 19.8 months (range: 3.3-47.8 months). The primary origin of gynecologic cancer was the uterus in 19 patients (31.1%), the ovary in 32 patients (52.5%), and the cervix in 10 patients (16.4%). The histopathological diagnosis was endometrial cancer in 6 patients (9.8%), uterine adenocarcinoma in 11 patients (18.0%), uterine leiomyoma in 2 patients (3.3%), ovarian epithelial cancer in 23 patients (37.7%), ovarian germ cell cancer in 9 patients (14.8%), cervical squamous cell carcinoma in 6 patients (9.8%), and cervical adenocarcinoma in 4 patients (6.6%). Extracranial metastasis was found in 32 patients (52.5%; FIGO stage IV). Only 4 patients (6.6%) were categorized as RPA class I, and 29 patients (47.5%) were categorized as RPA class III for a KPS score below 70. As shown in Table 1 , brain metastasis was diagnosed at 2 months after the diagnosis of primary gynecologic cancer in 54 patients (88.5%).
Five patients (8.2%) underwent only supportive treatment, and another 56 (91.8%) were treated with palliative methods such as neurosurgery, radiotherapy (including stereotactic radiosurgery), and/or chemotherapy. Monotherapy was performed in 23 patients (37.7%); dual therapy, in 26 (42.6%), and triple therapy, in 7 (11.5%). In terms of monotherapy, 2 patients (3.2%) underwent only neurosurgery; 19 (31.2%), only radiotherapy; and 2 (3.2%), only systemic chemotherapy. In terms of dual therapy, 10 (16.4%) were treated with a combination of neurosurgery and radiotherapy; 1 (1.6%), with a combination of neurosurgery and chemotherapy; and 15 (24.7%), with a combination of chemoradiotherapy. All therapeutic modalities, including neurosurgery and chemoradiotherapy, were applied to 7 patients (11.5%), as shown in Table 1 .
Radiological features of brain metastasis
A single BM was found in 38 patients (62.3%), whereas multiple BMs were observed in 23 (37.7%). Among 85 BMs, 56 (65.9%) were located in the supratentorial area; 27 (31.8%), in the infratentorial area; and 2 (2.4%), in leptomeninges. Four brain stem involvements were found in 3 patients. There were 4 (6.6%) cases of some hemorrhagic complication of BM, and all originated from ovarian cancer ( (Table 3) .
No patient with cervical cancer was treated supportively, and all (100%) received radiotherapy for their BM. A relatively high proportion of BM patients of uterine cancer underwent neurosurgery (47.5%), but the 25.0% of BM patients of ovarian cancer and the 30.0% of BM patients of cervical cancer did neurosurgery. Despite the high proportion of patients treated with radiotherapy, the mean survival time for patients with cervical cancer was relatively short (8.4 months). By contrast, in uterine cancer patients, who received more neurosurgeries (47.4%), the mean survival time was relatively long (23.3 months). A relatively low proportion of BM patients with ovarian cancer received neurosurgical treatment (25.0%), whereas a relative high proportion received radiotherapy (84.8%). Their survival time was 14.1 months (Table 3 ). Actually, all the patients with BM of uterine cancer and cervical cancer who underwent neurosurgery received radiotherapy for brain lesions. However, 5 of 8 patients with BM of ovarian cancer who underwent neurosurgery received radiotherapy for brain.
Factors influencing overall survival in brain metastasis patients with gynecologic cancer
According to the univariate analysis, age (< 65 yr), BM from uter- ine cancer, KPS ≥ 70, a lack of extracranial metastasis, the lower RPA class, synchronous BMs, single BMs, and multiple treatment modalities increased the overall survival time (Table 4) .
However, after a multi-factor adjustment through a multivariate analysis, BM from uterine cancer (uterine vs. ovarian, HR of 6.23, P, 0.013; uterine vs. cervical, HR of 11.47, P < 0.001), KPS ≥ 70 (HR of 16.87, P < 0.001), BM with well-controlled primary cancer (HR of 22.37, P < 0.001), the RPA class (II vs. III, HR of 5.47, P, 0.019; I vs. III, HR of 6.67, P, 0.010), palliative treatment (vs. supportive treatment, HR of 23.88, P < 0.001), triple therapy (vs. monotherapy, HR of 15.04, P < 0.001; vs. dual therapy, HR of 5.47, P, 0.019), and dual therapy (vs. monotherapy, HR of 11.33, P, 0.001) were independently associated with a longer overall survival time (Table 4 and Fig. 2 ).
DISCUSSION
As expected, the results indicate a poor prognosis of BM from gynecologic cancer. The mean survival time for BM patients with gynecologic cancer was 16.7 months. This, however, is bet- ter than that reported in previous studies. According to the previous reports, more specifically, the median survival time after BM diagnosis from ovarian cancer was 6 to 7 months (15-17); that from endometrial cancer was 1 to 2 months (18); and that from cervical cancer was 9.9 months (3). This increase in the survival time for BM patients with gynecologic cancer may be due to improved surgical and chemotherapy techniques because chemotherapy has been cited as the major factor increasing the incidence of BM from these malignancies (19) . Noteworthy is that 39% of BM patients were heavily treated with three or more sessions of chemotherapy (20) . Increased diagnostic sensitivity resulting from improved cerebral imaging technologies has made it possible to detect small intracranial lesions earlier during the course of disease recurrence (21) . In fact, diagnosing BM has become easier with modern diagnostic modalities. However, 92% of the patients in present study were symptomatic at BM diagnosis (22) . This may be because gynecologic oncologists have difficulty observing BM as a result of its low incidence and because a cranial radiographic evaluation is typically not conducted with no evident symptoms. In this regard, efforts to find asymptomatic, small, and solitary BMs should produce a better prognosis after treatment. Many patients had solitary BMs (44.5%), small BMs (< 2 cm; 21.2%), no pulmonary disease (56.2%), no extracranial disease (24.1%), and good performance. These results are consistent with the findings of previous studies (15, 20, (23) (24) (25) . Gynecologic cancer patients with such favorable clinical factors are typically considered good candidates for aggressive BM treatment.
In this study, a majority of BM patients (91.8%) with gynecologic cancer received palliative treatment because the primary disease was often advanced and the patients' general condition was generally poor. Management approaches included highly supportive care, surgical resection, and radiotherapy (26) . Treatment algorithms for a heterogeneous population of BM patients are typically based on their prognosis and whether the aim is symptom palliation, an increase in the survival time, or both (27) . Because patient survival depends on disease control, both intracranially and extracranially, patients with an active extracranial disease may be candidates for systemic treatment (28) . In general, treatment complexity and resource use have increased in recent decades. Treatment options for BMs of gynecologic cancer depend on many factors. The Radiation Therapy Oncology Group recommended that the treatment choice for BM from extracranial primary cancer be based on the KPS score, the primary tumor status, the presence of extracranial metastasis, and age (28) . In addition, the treatment choice for BM from gynecologic cancer should be made on an individual basis by carefully considering the ultimate treatment purpose. Patients with poor performance and extensive metastasis may not benefit from definitive treatment, but symptomatic care to minimize the effect of brain edema may be helpful. Patients who cannot undergo surgery may benefit from whole-brain radiotherapy (WBRT), which can ameliorate neurologic symptoms and improve the quality of life.
To date, surgical resection in combination with WBRT, particularly for solitary BMs, is known as the best option for controlling BM from gynecologic cancer. In addition, this therapeutic modality is more likely to increase patient survival than WBRTonly treatment (28, 29) . According to previous research, the median survival time for patients who underwent surgery in conjunction with WBRT or chemotherapy was 16 months (range: 4-41 months), whereas it was only 4 months (range: 1-24 months) for patients without surgery (29) . According to the another study, the mean survival time was 28 months for four ovarian cancer patients with solitary BMs who underwent surgical resection, WBRT, and chemotherapy (30) . All deaths in that study were from some recurrent systemic disease with no clinical evidence of brain relapse. Most studies have found that BM patients with surgical resection with or without radiotherapy or chemotherapy are more likely to survive than those without surgery (17, 23, 31, 32) . Considering only surgically treated patients, Cormio et al. (29) focused on prognostic factors and found the diseasefree interval between the diagnosis of ovarian cancer and the appearance of BM and the presence of extracranial disease at BM diagnosis to be the only factors influencing patient survival. Solitary BMs are usually considered more suitable for surgical resection than are multiple BMs (29, 33) . According to a review, 46% of single-BM patients underwent surgical resection, whereas only 5% of those with multiple lesions did (23) .
In this study, 25 patients received systemic chemotherapy, which may play a role in some diseases, particularly in systemic or incompletely resected intracranial diseases. In BM patients, the blood-brain barrier is breached, resulting in a higher drug concentration from systemic chemotherapy and potentially a more favorable response. McMeekin et al. (23) concluded that chemotherapy, independent of surgery, is an independent predictor of patient survival and that its increases the survival time by controlling both intracranial and extracranial diseases.
In the present study, multimodal therapy increased the survival time, which is consistent with the findings of previous studies. Cormio but have some limitations. First, this retrospective analysis was conducted using data from three institutes and thus was not conducted at the national level. In this regard, the results may not accurately represent the national pattern. Second, patients with an extremely severe condition were less likely to have a complete evaluation, potentially introducing some study bias. Third, it is difficult to independently conclude multiple therapeutic modalities as the most effective treatment modality for BMs patients with gynecologic cancer because of a lack of nonrandomization and some selection bias introduced by the choice of the treatment modality. Finally, because of the rarity of BMs of gynecologic cancer, not all types of gynecologic cancer could be included. To address these limitations, future research should provide a more comprehensive and comparative analysis (e.g., a randomized prospective study) at the national level. Knowledge of prognostic factors for BMs patients with gynecologic cancer should improve patient outcomes and the management of individual patients.
In conclusion, although BM rarely occurs in patients with gynecologic cancer, BMs of gynecologic cancer were examined and analyzed retrospectively for a relatively long period of time in this multi-institutes-based study. Improvements in therapeutic modalities and the early detection of brain metastasis may explain the long survival time found in this study. Consistent with the findings of previous research, the results highlight traditional factors influencing the prognosis of BM of solid cancer, including the performance status of patients, the status of primary cancer, and the RPA class. As expected, aggressive and multimodality treatment methods such as neurosurgery and combination chemoradiotherapy increased the survival time for BMs patients with gynecologic cancer.
